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First Lecture, Yanuary 7, 19

Introduction to study of variegation in maize,

ed In ma

}_h

ne == not wnrevicusly noted

2. Prenomenon is proba ly quilte general; not confined toc meize,.

3. Beason phenomenon not discovered earlier:
a). Heghdres a particular genetic and crtological combinnticn of
factors not readily obtainable in othzr material,
b), “equires a particular a rangement along chrciiosome of known Yrercs’

arfecting a p= ticulaor tissue,

c)e Requives favorable cvtolocical co:ditions for detection of chyc 0=
some changes.,

d). type of events avvesred following ex-eriment never condue
utilizing a tyre of chrorosome behavior not previously knovmne == t
breakare-fusion-bridge cveles,

ted before,
ne

It Conclusicons drawn from studics are essentially new and different
from thoce previovsly held,

S. The newness difficult for the uninforrmed to evidluate wi thout a
knowledge of the experimental vprocedures and the types of obs-rvations mace,

6. Published accounts are inadeguate to understand methods used.

7. Zeason Tor scarcity of such publicaticns: Conelusiors st rtWPd €
he“elore, nocessa:} to make a n“ﬂber of’ diffevent kinds of experimentsg ; in
order to determine if the predic hs thizt coneclusions would 1nd cate were
followed by verificaticn,

8. lany of the conelusions have bsen verified.

9. Interest expressed by some of the staff here thot the evnerinental
‘V\

methods be outlined by me,
“"l {x1 e
10, *nefeiore, derson
series o7 tnlkes on 6 The
be a gocd place for then,

11, Intention of scries o7 talks: S To deveIOp the tro
conducted and the conclisions drawn from them. ¢ To indi
the conclusions it with known eviderce from other masori
develop the background for the chro oscme materizls involv
phenorenon,

IT, The major topics:

1. *he origin of many rutoticns,



o

« The chromosonal mechanism

3e The chro-o

i S o
somal frebtors associst
c -1

chanse in cernic ticn, the tyne of

cells in a tissue wW:.en theze changes

ITI. The beginnings o” the first s-ries of experiments -- why they were
corducted,

1. Orinnnal purpocze: To Investigate tho genie corposition of onearm of
one c%9hwosoue -- the short arm of chromosome 9 in maize, Maize has 10
chromoscmes, and c-rovosome 9 is the second from the snsllest,

2. lleason for tis ecxporiment: Frevious investirations had shown:

a). Removal of minute bit of chrcretin con
a lknown gene, When homozygouvs, reproduces tDS
the krowm receazsive:

Bm

taini
.x)—‘ y

bm
Bm, Symbol for normal genc,.
bm, brovm mid-rib, Symbol for khown recessive,
he phenotvre of bm: Dbrown ¢o0lor in s .conda

ry cell wall,

ng the normal locus of
nherotrpic exmrasssicn of

Fades on exaoSu“e to light, ATmost com letely cell specific: variegation
gives:
‘he homozygous deficiency for BM: reproduces in 21l detoil th

pe prceduced by the known recessive, b,

b). Concrlusion:

the recessive, bm, eitier a deficiency or an
inactivation of Bm, Or, an inactiva®Ion of Bm in the cells thet normallvy
exrress Di,
¢)e Other chrracters giving sszme indication:
“hr, 9 short arm: Ye C Bz Wx
Yg to yg: yg, light coloved chloron:yll in early
> 2 ) : - L - q .
life of l=aaf, eepor at tip, ligater near bese, Gradual duorlening of
leal as plant apges, sapld derkening of older leaves, Deliciency of Yg,
produces the very znne pinenotme,
C, in combination with other lmowm f:cto*s, roduees
color in the alecircne laver of the kerngl, Cy 7O ecssive 17970, no color
in the ale~"one layer, Deficiency of C, prcduces aolorless aleurone,

Bz to bz. bz, bronze, a corplicited “henobime:
Bz, dark color in aleurcne, red or purplg; red or pur-le anthoc anin
pigment in »lant, bz, known recessive, a brenze color in the aleurone
and a bronze color in the nlant., Also, varicgation produced by loss of
in combinatirn of By / bz, sproad of Bz into ba for seve =1 col lazers,

Deficiency of Bz. weproduces all phases ol the

mecessive rhenoiyoe,



to wx, Wx results in preoduction of amylose starch in
endosnerm and rollen grain, WX, recessive muant locus, results in
absence of suclh starch, amylopectin present, Wx stains blue with iodine
WX stains red, Deficliency of Wx, reprcduces the &x vhenot:me,

d). To return to original purvose: If the mown mutants can be
weproduced by deficiencliesy if the krovm mutants reveal the genetic
elements at the locus, then, removal of various bits of chromatin in the
short arm of chroncsome 9, cne-byenne, and each se 3;:ateW", should reveal
the genetic comosition of the short orm of chrciws e 9 for 211 cos=s thas
survive when nomozrooOUS,

e), For this test, must have a mesns of produci g nminute deficiencies
in one nart of the c“r01osowe comlement ~- the short arm of chro wsore Q
in the sclectcd case,

). The method werked out one paper: Heguired the use of
chro wosomal tyvne of breakare-fusion-bridge cvele,

the

: B 3 - - -
/a)s "he essentials of t:is mechanism:

x . . . e . .
(1) he constitution of the gameies. (Deialls important; given
later,)
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The fusion of brolken ends in the zygote
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(3) *he propicse of thie next mitotic division
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(It) The anaphuse configuraticns
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(5) The breaks in the bridges .. -



(4) The fusions of broken ends at telomhase
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(7) The repetidthon of the cycle in the succeeding divi
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(b). In experiment, both broken ends ave in short arm of chromosome 9,

Continuouvs breakage and fusion produc
reduplications and reorientations:

s dunlicatiocns, deficiencles,
xamples:

53
i
il

fe)s Observation: *he b.f.b., cycle can cease in scme cells, From
then on, the broken ends behnve as normal ends,

g)e The effects nroduced in the planis by the chromosome L. ve of
bre-kage~fusion-bridge cvcles:

L]

Aoy i . .
(1) “he ap-corance of the sesedlings

P 8y} o«
(2} ‘he annearance of normal an—wearing sectors and branches,

o]

b3 1.7

sh of the defective branches, and the survival of the
! ]

e

(3) The

normal branches,
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(1) sThe development of the normal brrnches into moture planis,
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of the chrmmosomes in the normal branches

2~ the grort arm of chroosome 9
o

1). The expected types of alieratio in %
cations of sezgments, rearrangenents

Y\
found, Duplicaticns of segments, redupl
and deficiencies,

2). In qddﬁticn, and this 1s Im-ortant, a nuwiber of very unexpected trpes
of' rearranzements seen, These involved chro-osome 9 and obther cho oscr
of the corlenent, fegarran werients occurred at particular places in the

eht. wsomes in eachh case, These will be considered in etail later after

a discussion of the organigzation of chrorosomes has been given,

.A(DO]

VI, The procedure used to find the exvected new rmtants:

l. Zach branch (about 150 branchcs albogethor) self-pollinsted,

hJ

Pollen (male gametes) placed on silks of same stalk =
tassel placed on silks of same branch, he gilks lead to the
each ovule crrries a femnle gamete,

Trom

ollen
ovults,



2o Bach ear resuvlting from self-pollination examined for mutations in
the kernels,

3. Sarmles of kernels taken from ecch ear; seedlings grown; seedlinrs

xamined for apnearance of new mutants, fo; reasons explained earlier,
new rmitonts would be exnected, and the locus in the chr’ s e co mlencnt

expecued to be in slort avm of chrc some 9,

VII, The Results: General,

1, A number of new mutants apneared, as exvected, In additicn, a
large number of new pherotipes, not at all ex-ected,
2. The unexpected phenotynes anpearing in scedlings of re culturess

o e N )

a). uxaﬂp]e' ernels plented from one earj; seedlings apreareds
Some seedlings quite normal; others showed varicpation for chlorophyll
very ligsnt green leaves wltih streaks of normal green,

The pasterns of streaking seen in the seedlings:

b). The different btypes of variegation that appoared, cach in a
separate culture derived from kernels on a single car:

(1)« white seedling with streaks of green, pale-green; vale-grecen in
wtiich deep green strealis were vpresent,

(2)» Golden color of leaf, Streaks of darker color that Is light green,
streaks o’ dark green, and strozks between light green and dark green,

(3)+ Whte seedllnﬁq with spots of dark green, each surrounded by a
light green "halo",

(IL) Green leavos with stroals of light green,

VIITI, The distribution and frecuency of changes in expressicn. ZHxarmle:

‘L"(D
ligiht green to dark green: X
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IX. The annearance of the varlegation in the older leaves of the nlant:
1., *hes sectors appearing in leaves derived from scedling trpe=-l

(A), The single sce

ct

ors:

Sectors with incrzased frecuenc; of green streaks
Sectors with reduced frequenc: of green streaks
Sectors with no strealts at all

Sectors of full green color - large,

[

(B), The "Twin=-Sectors!

Full green-no varlegation: Full green,reduced frequency or streaks:

2e The appearance of such types of scchoring in the many cases exanined,

“.a), Change 3n the frequency of occurrence of mutation in progeny
derived from a single cell,
b)e Change in time of mutation -- the eorly rut=iions,
c)e “he relation of changes in Eimquency o mutations in Ltwin scetors,
and the rélation of mutation in one sector to change in £imgurency in the
sigter scctor

d)e The 1nLe”pretalon of the twin sector origins: Derived from
two cells produced =8 the result of a sirgle mitosis,

3¢ On basis of interpretation of twin sectors, the following conclusions
drawn?
a)e Some factor or fachors nresent In a vyoung cell that cantrcls the
frequencs of rmtstion in the -rogeny of 0
s

is cell.

-

b)e *his factor, o thuse factors,

egregate at a mitosis such that
the two sister cells di‘fe“ with ”e?pect to u%e c0ﬂ+”olli“g unitS. This

qus difTerence is ptap “601WP0031
c)e “+he mutation nrocess also asgsocicted with a mitosis - the twin
gectors showing rmtant and change in frequency of mubtation:



Xe The conclusicns from the initial observaticns:

of plants that had undergone the c, b,f.b.,crele,

1, In progenr derived from self-pollinationsf a large number of newly
produced altecrations of gene loci occurred, them (ov-r L0 Tound)
were expresscd as varviegation resembling

rmtable genes,'in their behavior,
2. 1n all well examined ca
prescent in the seed” “ngs,

7
of mutntion observed,

Hany of
"

ases, a particular type of variggation pattern

he pattern -= size and frequency as well as type
3. Changes occurred during the development of
leading to obvious changes in the time, t:ve

the plant
the descendents of this cell,

in certain cells
yand frequency of mutation in
lte *he annesn

rance of twinesectors showed that
the pattern of mutation,

something preszent controllin
This could be altered as a conseaquence of i
sormet~ing that occurred during a mitotic crcle.
5. Also, the rutcotion process itself occurred as the congequence of
sometiing that ocecurrs during a mitotic cvecle,
6. Therelfore: If mutation process, and if control of nmutation »rocess
in a developing leaf is related to the mitot
experimentation,

lc process, it is subject to
7« The initial purpose:

What occurs during the mitotic process that
1s responsible the &he altered genic action and the alfer d conftrol of
mutation in future cell gencrations?

XIp

In next lecture, will take up the discovery of the chromosomal
asnects involved in the change of vhenotipe - the discover of the Ds -
systen,
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